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$\bullet$ (3 ):http: $//www$ .youtube. $com/watch?v=AlR_{-}aQ$ -JHRY
(YouTube)
$\bullet$ (7 ) : http $:$ //www. youtube. $c$ om$/wat$ ch?v$=$XSuQYRRkRyQ
(YouTube)

















$\infty upkd$ pendulum: slze-7
time-averaged $kinet\dot{c}$ energy of
each pendulum
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[OY98, $SOY99$ , SYOO].
$T$ 1 $= \frac{1}{2}k_{B}T$ (3)
$H(q,p)= \sum_{i=1}^{N}\frac{m_{i}}{2}v_{i}^{2}+U(\{q_{i}\})$ (4)
$\{\frac{m_{i}v_{i}^{2}}{2}\rangle$ $\sim\vee$ o
$H(q,p)=K(q,p)+V(q),$ $K(q,p)= \frac{1}{2}\sum_{i,j}\alpha_{ij}(q)p_{i}p_{j}$ (5)
4
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$\{K_{i}^{(c)}\}\equiv\langle\frac{1}{2}p_{i}\frac{\partial K}{\partial p_{i}}\rangle=\frac{1}{2}k_{B}T$ (6)




$K= \frac{1}{2}\sum_{i,j})\dot{\varphi}\iota \mathscr{S}\equiv\frac{1}{2}\vec{\mathscr{S}}{}^{t}A(\varphi)\vec{\mathscr{S}}$ (7)
$\varphi$










12-pendulum. linear and-canonical kinetic energy
site







chain model” [KY09, Kra46, Maz96] $N$ $m_{i}$ ,
$i=1,2,$ $\cdots,$ $N$ $(i$
3




$i$ $(x_{i}, y_{i})$ :
$L= \sum_{i=1}^{N}\frac{m_{i}}{2}(\dot{x}_{i}^{2}+\dot{y}_{i}^{2})-U(\{\vec{r_{i}}\})$ ,















RATTLE 2 simplectic integrator





planar chain with 16 masses convergence of linear kinetic $energ\ovalbox{\tt\small REJECT} es$
0246810121416
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$16\cdot pIum$-chai $\mathfrak{n}$ cmmal kinetic energy















































$N=6$ ( ), 4 sym-
plectic integrator $m_{i}=1$







$\Delta^{(1)}(t)$ $\Delta^{(2)}(t)$ [TKG94, TGK96, TGK97, SSTOO, $TMK89$]

















13 $\triangle(t)$ ( $\bullet$ ) $K_{vib}/K_{r}$ $t$ ( )
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$3-\dim$ spring-chain: size 16: spnng-chain with branch
$\tilde{\dot{\Phi g}\mathfrak{d}0}$
$\underline{\#\epsilon\Xi\underline{v\Leftrightarrow \text{ }i}}$









Boltzmann-Jeans Boltzmann-Jeans $*$ 2
$[Bo195,$ $Jea03,$ $Jea05$ , BGG87,





$3-\dim$ spring-chain: size 8: $1\infty p\cdot with$-tail
$a\epsilon Qvv\grave{8}\dot{\iota}>$
$\underline{\underline{v\not\in a}}$
123 4 5 6 7 8
site
16 )$\vdash$ : $N=8,$ $k=10^{4}$ ( ) ( )
[BGG89] :
$\propto\exp(\frac{\tau(\text{ ^{ }})}{\tau(\text{ })})$ (17)
$\tau$ ( ) $\sim$ 1/V
$\tau$ ( ) $\sim$ 1
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$\sqrt{k}$
17 $N=6$ , 15 Boltzmann -Jeans
: $t_{relax}\sim 5.52\cross 10^{4}\exp(0.415\sqrt{k})[KY10]$
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